Partitioning tissues into compartments that do not intermix is essential for the correct morphogenesis of animal embryos and organs [1] [2][3] . Several hypotheses have been proposed to explain compartmental cell sorting, mainly differential adhesion [1] [2][3][4][5][6][7][8][9] , but also regulation of the cytoskeleton 10,11 or of cell proliferation 10,12 . Nevertheless, the molecular and cellular mechanisms that keep cells apart at boundaries remain unclear. Here we demonstrate, in early Drosophila melanogaster embryos, that actomyosin-based barriers stop cells from invading neighbouring compartments. Our analysis shows that cells can transiently invade neighbouring compartments, especially when they divide, but are then pushed back into their compartment of origin. Actomyosin cytoskeletal components are enriched at compartmental boundaries, forming cable-like structures when the epidermis is mitotically active. When MyoII (non-muscle myosin II) function is inhibited, including locally at the cable by chromophore-assisted laser inactivation (CALI) 13, 14 , in live embryos, dividing cells are no longer pushed back, leading to compartmental cell mixing. We propose that local regulation of actomyosin contractibility, rather than differential adhesion, is the primary mechanism sorting cells at compartmental boundaries.
During animal development, discrete developmental units called compartments are separated by boundaries of lineage restriction, which stop cells with different identities from mixing. In addition, compartmental boundaries often localize signalling centres. Segregating cell populations at compartmental boundaries is therefore essential for the correct patterning and differentiation of surrounding tissues [1] [2] [3] . This organizing principle is conserved from flies to humans. In humans, cell sorting defects during compartmentalization are thought to cause malignant invasion and congenital defects such as craniofrontonasal syndrome [15] [16] [17] . In the vertebrate hindbrain rhombomeres and in the Drosophila wing disc, cell sorting between compartments is governed both by transcription factors that confer compartment-specific identities and by signalling localized to the boundaries, such as EPH-Ephrin, Hedgehog or Notch signalling 4, [18] [19] [20] [21] [22] [23] [24] [25] [26] . Downstream of these factors, several mechanisms have been proposed for cell sorting, mainly differential adhesion [1] [2] [3] [4] [5] [6] [7] [8] [9] , but also regulation of the cytoskeleton 10, 11 , regulation of cell proliferation 10, 12 or extracellular matrix fences 3 . However, in vivo support for these hypotheses is scarce and the molecular and cellular mechanisms sorting cells at compartmental boundaries remain unclear.
Here, we investigate this problem in the early Drosophila embryo. During segmentation, the trunk is divided into alternating anterior and posterior compartments (Fig. 1a ) 27 . Anterior cells, which express the Wnt-1 homologue Wingless (Wg), and posterior cells, which express the homeodomain protein Engrailed (En), are separated by parasegmental boundaries, which behave as boundaries of lineage restriction (they stop cell mixing) during stages 8-11 of embryogenesis (ref. 28 ). The posterior interface at the En stripe (where the segment border will form at a later stage) is not a barrier to cell mixing at these stages 28 . We found that during stages 8-11, cells on both sides of the PS boundary minimize their contacts, forming a straight line of adjoining membrane interfaces (Fig. 1b) . When compartmentalization was compromised, as in wg mutants, membrane alignment was lost and some cells invaded the opposite compartment (Fig. 1c) . We quantified the degree of misalignment by measuring an index of straightness (IS) for a row of interfaces: the straighter the row, the closer the IS to 0, which corresponds to a straight line. Quantification confirmed that PS boundary interfaces were significantly straighter than other dorso-ventral columns of interfaces ( Fig. 1d ; IS = 3.7 ± 0.4 for PS boundaries and IS = 14.2 ± 1.1 for other interfaces, n = 25). In wg CX4 mutant embryos, the interfaces that should have formed PS boundaries had an IS of 14.8 ± 1.0 (n = 24), which was similar to the IS of non-boundary interfaces in wildtype embryos (Fig. 1d) . We conclude that membrane alignment is a property of lineage restriction boundaries in the Drosophila embryo.
To identify effector genes required for cell sorting at PS boundaries, we screened for genomic deletions that give rise to an altered en expression pattern. We recovered several deletions that caused embryos to have irregular boundaries reminiscent of loss-of-compartmentalization phenotypes ( Supplementary Information, Fig. S1 ). Several of these deletions removed at least one regulator of the Wg signalling pathway, consistent with its role in anterior/posterior compartmentalization. One small deletion, however, did not remove known Wg pathway components, but removed one of the two cytoplasmic actin genes (actin5C) as well as spaghetti-squash (sqh), which encodes MRLC (non-muscle myosin II regulatory light chain). To test for a potential role of the actomyosin cytoskeleton in lineage restriction at PS boundaries, we assayed membrane alignment in embryos in which MyoII function was disrupted. Embryos homozygous for null alleles of zipper, which encodes the MHC (myosin heavy chain), did not show irregular PS boundaries (data not shown), presumably because maternal pools of MHC are sufficient for its function. To target both maternal and zygotic pools of MyoII, we treated embryos with the drug Y-27632, which inhibits MRLC by preventing its phosphorylation by its upstream activator Rho kinase. Injection of Y-27632 into early embryos, at a dose where the epithelium remained intact and cell divisions were still occuring, disrupted membrane alignment at PS boundaries ( Fig. 1d, e ; IS = 10.4 ± 1.9, n = 26 compared with IS = 4.3 ± 0.4, n = 25 in H 2 O-injected embryos). The invasion of single cells from anterior or posterior compartments into adjacent compartments was observed (Fig. 1e) . PS boundary defects in Y-27632-treated embryos were caused by specific inhibition of MyoII, since these were rescued by expressing a constitutively active phosphomimetic form of MRLC, MRLC E20E21 , which functions in the absence of Rho kinase (Fig. 1d, e ; IS = 5.0 ± 0.8, n = 26 ). Similar cell sorting defects were found in embryos expressing dominant-negative forms of MHC (IS = 10.3 ± 1.4, n = 25, for dominant-negative MHC-YFP expressed from an endogenous promoter, and IS = 13.9 ± 1.0, n = 23 for upstream activation sequence, UAS, dominant-negative MHC-GFP expressed with armGal4VP16; Fig. 1d; Supplementary Informaion, Fig. S2 ). Thus, inhibiting maternal and zygotic pools of MyoII, either by drug injection or by expression of dominant-negative forms of MHC, gives rise to cell sorting defects similar to those caused by loss of anterior/posterior compartmentalization in wg mutants. We conclude that a functional actomyosin cytoskeleton is required for lineage restriction at PS boundaries.
To investigate how the actomyosin cytoskeleton controls lineage restriction, we looked at the subcellular organization of filamentous actin and MyoII in boundary cells. MyoII (and to a lesser extent F-actin) is enriched at PS boundary cell-cell interfaces, forming a linear cable-like structure ( Fig. 2a; Supplementary Information, Fig. S3a, b) , similar to the enrichment reported recently for the wing disc dorsal-ventral boundary 10, 11 . We did not observe any difference in the structure of the PS MyoII enrichments between parasegments or between ventral, lateral and dorsal regions of the ectoderm (Supplementary Information, Movie S1; data not shown). Similarly to the planar MyoII enrichment observed at stage 6-8, during germ-band extension 29 , both anterior and posterior cells contribute to the PS MyoII cable, as the PS MyoII enrichment is observed at the posterior junction of wg-cells and at the anterior junction of en-cells ( Fig. 2d ; Supplementary Information, Fig. S3c ). The presence of the PS MyoII cables corresponds to the period of lineage restriction at PS boundaries in wild-type embryos ( Supplementary Information, Fig. S3d ; stages [8] [9] [10] [11] . The Myo II cable is located at the level of the adherens junctions ( Fig. 2a ; Supplementary Information, Fig. S3e, f) , which is where membranes are aligned at the PS boundary (IS = 3.6 ± 0.7 at adherens junctions and IS = 10.5 ± 0.9 at 5 μm below adherens junctions, n = 8; Fig. 2c, Fig. S3f, g ). In addition, the cable is absent in the compartmentalization-mutant wg CX4 (Fig. 2b) . We conclude that lineage restriction at PS boundaries correlates with the presence of a specialized actomyosin structure at the apical cortex of boundary cells (Fig. 2e) .
To understand how this cable could promote cell sorting at PS boundaries, we looked at cell behaviours close to the boundaries in live embryos, using MRLC-GFP ( Supplementary Information, Movie 1) . We found that the PS boundary can be transiently deformed by the division or, more rarely, by the intercalation of boundary cells ( Fig. 3a, b ; Supplementary Information, Fig. S4a ). During these events, the MyoII cable is not dismantled (Fig. 3a, b; Supplementary Information, Fig. S4 ). When a dividing boundary cell rounds up and transiently invades the adjacent compartment, the MyoII cable at the boundary cortex strongly deforms (Fig. 3c, c´; Supplementary Information, Movie 2) . Approximately when cytokinesis starts, the MyoII cable straightens out and the daughter cells go back to their compartment of origin. This suggests that the MyoII cable corrects cell mixing by providing a barrier of cortical tension at boundary interfaces.
To test this hypothesis, we developed a method to specifically inhibit MyoII function in PS boundary cables in live embryos. Chromophoreassisted laser inactivation (CALI) has been used in cultured cells to inactivate single proteins at the subcellular level, including myosins 13, 14, [30] [31] [32] . With CALI, intense laser illumination of a chromophore produces deleterious reactive oxygen species that can inactivate a target protein that is in close proximity (30-45 Å) by cleavage or crosslinking of the peptide backbone 13, [33] [34] [35] . We modified this method to inhibit MyoII function in live Drosophila embryos, using GFP in the MRLC-GFP fusion protein as the target chromophore. In these experiments, MRLC-GFP was expressed in a sqh-null background so that each MRLC molecule was tagged with GFP. First, we investigated whether we could inhibit cytokinesis, which requires MyoII function. We found that repeated laser illumination of the MRLC-GFP pool on one side of the ingressing furrow in dividing cells inhibited cytokinesis on that side (Fig. 4a, a´) . No inhibition was found in similar experiments targeting Moesin-ABD-GFP, a carboxy-terminal fragment of Moesin fused to GFP, which decorates the actin cytoskeleton but has no function (Fig. 4b, b´) . These results show that CALI of MRLC-GFP blocks cytokinesis in live embryos by inhibiting MyoII function at the subcellular level.
To examine the effect of CALI on proteins, we used western blotting to analyse single embryos expressing MRLC-GFP, where a large portion of tissue had been subjected to intense laser illumination ( Supplementary  Information, Fig. S5a-c) . We detected a significant decrease in MRLC-GFP protein levels, whereas levels of associated MHC, or the local membrane-associated protein Dlg, were unaffected. This indicates that the inhibition of MyoII by CALI was caused by destruction of MRLC-GFP. No deleterious effects on cell viability or epithelial integrity were detected ( Together, these results demonstrate that CALI can inhibit MyoII function efficiently and specifically, with resolution at the subcellular level and without detectable cell or tissue toxicity.
We used GFP-based CALI to directly test the requirement of the MyoII cable for cell sorting at PS boundaries. We specifically inhibited the pool of MyoII in the cable by repeated illumination of the PS boundary in MRLC-GFP-expressing embryos, and then followed the position of cells by time-lapse imaging of residual GFP fluorescence. We found that when the MyoII cable was inactivated in the presence of dividing boundary cells, the PS boundary was unable to correct cell mixing (100% of cases, n = 10), and became irregular ( Fig. 5a, d ; IS increased from 1.8 ± 0.3 to 9.6 ± 1.0). In these experiments, the pool of MyoII at the cable was the only subcellular pool inactivated, since cytokinesis proceeded normally (Fig. 5e ). As a control, we used CALI to target Moesin-ABD-GFP at the PS boundary cable and found that this did not affect the boundary in the presence of cell divisions ( Fig. 5b, d ; IS = 3.4 ± 0.3 before CALI and IS = 3.6 ± 0.5 after CALI, n = 9). Since inactivation of MyoII at the cable reproduced the phenotypes found when inhibiting MyoII in the whole tissue, these results suggest that the MyoII cable is responsible for sorting cells at PS boundaries.
We found that the key challenge to embryonic boundaries is the division of boundary cells (Fig. 3a , note that cells dividing at a distance from the boundary had no effect). Consistent with this, CALI inactivation of the MyoII cable in the absence of cell division did not produce cell sorting defects at PS boundaries ( Fig. 5c, d ; IS = 2.0 ± 0.6 before CALI and IS =2.6 ± 0.3 after CALI in the absence of divisions, n = 10, compared with showing that CALI performed on one side (dashed box) of the cytokinesis ring in dividing epithelial cells impairs membrane invagination (red arrow) in MRLC-GFP embryos (a), but has no effect in Moesin-ABD-GFP embryos (b).
Membrane invagination is impaired in MRLC-GFP embryos a few seconds after the beginning of CALI. (a´, b´) Quantifications of asymmetric (membrane invagination impaired on one side) versus symmetric divisions after CALI in MRLC-GFP (a´) or Moesin-ABD-GFP (b´). Scale bars in a and b, 5 μm.
nature cell biology VOLUME 12 | NUMBER 1 | JANUARY 2010IS = 1.8 ± 0.3 before CALI and IS = 9.6 ± 1.0 after CALI in presence of divisions, n = 10). Moreover, the MyoII cable was present when the embryonic epithelium was mitotically active, and disappeared when divisions ceased in the epidermis ( Supplementary Information, Fig. S6 ). This correlation between mitotic activity and MyoII cabling was also found in the Drosophila wing disc. Here, a transient MyoII cable was observed just before the formation of a non-proliferative zone at the wing disc dorso-ventral boundary [10] [11] [12] ( Supplementary Information, Fig. S6 ). We propose that actomyosin-based barriers function by generating asymmetric tensile forces at the cortex of challenging boundary cells to prevent them from escaping to the opposite compartment, principally when they divide (Fig. 5f ).
In conclusion, our results demonstrate that actomyosin barriers sort cells at compartmental boundaries in the early Drosophila embryo.
MyoII enrichment at PS boundary interfaces requires Wg signalling (Fig. 2b) , however, additional work is required to determine the mechanism involved. One possibility is that wg-and en-expressing cells have different adhesive properties and that this difference triggers MyoII cabling. In support of this model, mutant clones of the adhesion molecule Echinoid (a Nectin homologue) form actomyosin enrichments at the boundary with wild-type tissue in the Drosophila wing disc and follicular epithelium 36, 37 . The finding that enrichment of MyoII also occurs at the dorso-ventral compartmental boundaries in the Drosophila wing disc 10, 11 suggests that assembly of actomyosin-based barriers at boundaries could be a general strategy to stop cells with distinct identities from mixing, especially in mitotically active tissues. In the vertebrate hindbrain, Eph-Ephrin signalling regulates cell sorting at rhombomeres boundaries 20, 21, 26 . Given that Eph-Ephrin signalling regulates the actomyosin cytoskeleton in other contexts, such as axonal path finding 38 , a role for actomyosinbased barriers could be envisaged in this system.
In developing vertebrate embryos, there is evidence of cell segregation mechanisms not only between compartments, but also between different tissue types 39 . Actomyosin-dependent cortical tension has recently been shown to segregate germ layers in zebrafish 40 . Together with our results, this suggests that local regulation of cortical tension, rather than differential adhesion, could be the primary mechanism behind cell sorting in living organisms. Live imaging. Dechorionated embryos were immobilised on a coverslip with heptane glue and immersed in Voltalef oil (ELF Atochem). Live imaging was performed with a Zeiss LSM510 inverted confocal with 40× or 63× objectives. Projections of z-stack images were used to generate movies with Image J software.
Note added in proof
Quantification of membrane straightness and assessment of compartmental cell mixing. The index of straightness (IS) was calculated as the difference between measured and minimal theoretical length between two points after normalization, and was expressed in arbitrary units (AU). A value of 1 AU meant that the measured length was 1% longer than the straight line. Membrane length was measured using Image J software. The length of membrane interfaces for PS boundary cells or for other columns of cells was measured in the absence of cell division (except for Fig. 3c´) .
In fixed embryos, membrane interfaces corresponding to PS boundaries were identified by En expression. Measurements were performed on confocal sections corresponding to the plane of the adherens junctions. Images were captured at random locations along anterior/posterior and dorso-ventral axes in the embryo trunk, using a 40× objective and a numerical zoom 4 on a Zeiss LSM510 confocal microscope. The images shown correspond to a superposition of E-cadherin staining at the adherens junctions (usually one confocal section) and a projection of all z sections for En staining. Note that the whole stack of z sections in these double stainings were systematically checked to accurately identify the interfaces corresponding to the PS boundary.
In live embryos, including in CALI experiments, PS boundaries were identified by MyoII or Moesin-ABD-GFP enrichment. Images were taken with a 63× objective and a numerical zoom 3 on a Zeiss LSM510 confocal microscope.
In experimental cases where the PS boundary was irregular compared with that in wild-type embryos, some cells were displaced into the adjacent compartment. These events were considered to be compartmental cell mixing when the displaced cell had less junctional contacts with cells of the same identity than with cells of a different identity.
Injection of the ROCK inhibitor Y-27632.
Stage 8-9 embryos of the indicated genotype were injected in the yolk at room temperature with 1 mM Y-27632 (TOCRIS) or dH 2 O in control experiments. Embryos were aged for 30 min at 25 ºC, fixed and stained using standard procedures.
As loss of epithelial integrity leads to massive cell dispersal in the early Drosophila embryo 53 , epithelial integrity was systematically checked using e-cadherin staining in loss-of-function experiments. The highest concentration of Y-27632 that can be used without affecting epithelium integrity is 1 mM, and at this concentration some cell divisions still occur.
Western blots of single embryos and quantification of protein levels. Two protocols were used for western blotting: one included a fixation step for GFP and Phospho-MRLC, and the other did not include fixation for MHC. GFP and Dlg work in both conditions. Single embryos glued on a coverslip were detached by soaking them briefly in heptane. If fixation was required, embryos were transferred to fixative solution (formaldehyde 37%: heptane (1:1)) and fixed for 5 min, thoroughly rinsed with PBS 1X Triton X-100 0.1% and hand devitellinised in PBS. Embryos (5-10) were pooled in 100-200 μl of Laemli buffer: PBS 1X (1:1) and boiled for 5 min. When fixation was not required, embryos were thoroughly rinsed with PBS 1X Triton X-100 0.1%, transferred to 20 μl of Laemli buffer: PBS 1X (1:1), carefully crushed with a needle and boiled for 5 min.
The equivalent of one embryo was loaded per lane. Standard procedures were used for western blotting analysis. Revelation was performed using ECL Standard Plus kit (Perkin Elmer Life Science). Primary antibodies used were: mouse anti-Dlg (DSHB; 1:300) and anti-GFP (Roche; 1:500), rabbit antiPhospho-MRLC (Phospho-Ser19; cat.#3671, CST; 1:100,) and anti-MHC (#656, 1:10,000; ref. 54). Secondary antibodies used were: mouse or rabbit HRP-conjugated (Jackson Laboratories; 1:2,000).
Films were scanned and quantification of protein levels was performed using Image J software. Since there is no significant difference in Dlg protein levels between control and CALI-treated embryos (n = 13; which is consistent with Dlg being unaffected when examining immunofluorescence levels in whole embryos; Supplementary Information, Fig. S5d, d´) , Dlg was used as a loading control to normalize protein levels for GFP, phospho-MRLC and MHC.
Statistical analyses.
Data from all quantifications are reported as mean ± s.e.m. The significance between groups of data was assessed by unpaired Student's t-test (Fig.1d) or by paired Student's -test (Fig.1d , boundary vs dorso-ventral junctions in wild type; Figs 2c, 5d; Supplementary Information, Fig. S5b ). Results were considered significant when P < 0.05 (*P < 0.05, **P < 0.02, ***P < 0.001).
Chromophore-assisted laser inactivation (CALI).
GFP was used as a chromophore to perform CALI on two fusion proteins, MRLC-GFP 41 and the control Moesin-ABD-GFP 43 . MRLC-GFP was used in a null background mutant for spaghetti-squash. The control Moesin-ABD-GFP, which corresponds to the actin-binding domain of Moesin that decorates F-actin, was expressed in a wild-type background. CALI was performed using either an inverted or an upright LSM510 laser-scanning confocal microscope (Zeiss) with a Lasos 50 mW argon laser set at 50% of its power. For image acquisition, GFP was excited using the 488-nm laserline at 1-3%. For CALI itself, to excite GFP maximally and hence to locally produce maximum levels of reactive oxygen species, both 477-nm and 488-nm laserlines set at 100% were used. Depending on the experiment, we used a Plan-Apochromat 63×/1.4 Oil DIC objective or a Plan-Neofluar 40×/1.3 Oil DIC objective (Zeiss).
CALI conditions for assessment of protein integrity by western blotting and immunostaining. CALI was performed during dorsal closure on the dorsal side of MRLC-GFP embryos by continuously scanning a region of interest (ROI) for 5 min. Protein levels were then analysed by western bloting or whole-mount immunostaining. For western blotting analysis, we used a 63× objective and a ×0.7 numerical zoom. We scanned a ROI of 200 μm × 120 μm (which roughly covers the trunk of the embryo) to a depth of 21 μm (15 sections every 1.5 μm). Parameters were: pixel time, 12.8 μs; scan time, 798.91 ms; scan speed, 5 arbitrary units; number of scans per frame, 1; pinhole, 3.37 airy units. For immunostaining analysis, we used a 40× objective and a ×0.7 numerical zoom. We scanned a ROI of 90 μm × 50 μm to a depth of 12 μm (9 sections every 1.5 μm). Parameters were: pixel time, 6.39 μs; scan nature cell biology time, 552.44 ms; scan speed, 6 arbitrary units; number of scans per frame, 2; pinhole, 0.93 airy unit. As soon as CALI was completed, embryos were individually processed for western blotting or immunostaining experiments (see above).
CALI conditions for MyoII inhibition during cytokinesis. CALI was performed on ectodermal dividing cells on stage 9-10 MRLC-GFP (or Moesin-ABD-GFP)
embryos using a 40× objective and a ×5 numerical zoom. We used laser pulses (6-8 s) followed by acquisition of ten images (1 per s) . Parameters, based on the LSM510 Frap module (Zeiss), were: pixel time, 1.60 μs; scan speed, 9 arbitrary units; number of scans per frame, 1; pinhole, 0.93 airy unit; iterations, 10. The cytokinesis ring was targeted at only one focal plane with an average ROI of 5 μm × 2 μm. When required, the ROI was slightly shifted during the experiment to follow the cytokinesis ring. The opposite side of the cytokinesis ring was used as an internal control.
CALI conditions for MyoII inhibition at the PS cable. CALI was performed on stage 9 to early stage 10 MRLC-GFP (or Moesin-ABD-GFP) embryos using a 63× objective and a ×3 numerical zoom. A cycle (1 laser pulse + 1 acquisition) lasted 6-9 seconds, depending of the ROI size. The PS boundary was targeted at only one focal plane with a ROI of 3 μm × 20 μm on average. When required, the ROI was slightly shifted in the x, y and/or z axis during the experiment, to follow the PS boundary. CALI was performed for 1-10 min on boundary cells before division. Parameters, based on the LSM510 Frap module (Zeiss), were: pixel time, 2.56 μs; scan speed, 8 arbitrary units; number of scans per frame, 1; pinhole, 3.37 airy units; iterations, 3. One image was aquired before each CALI experiment and was used as a reference. During and after CALI, cells were tracked by timelapse microscopy using residual GFP fluorescence. Modification of membrane straightness was measured only in the targeted area, at the adherens junctions level and when challenging divisions were completed. Note that a few deficiencies are annotated in several classes. Deficiencies annotated as "Morphogenetic defects" present one or several of the following defects: twisted embryos (illustrated), ventral closure defects, aberrant cephalic furrow, germ-band extension defects, irregular distance between stripes or larger head region. Deficiencies annotated as "Stripe defects" present one or several of the following defects: interrupted stripes (illustrated), missing stripes, fused stripes, wide stripes. Deficiencies annotated as "Cell dispersal" present extensive dispersal of en-expressing cells, reminiscent of the "salt and pepper" phenotype caused by loss of DIAP1 function described by Chandraratna et al 1 . In that case, loss-of-function of DIAP1 leads to premature death of all cells, with loss of epithelial integrity and cell dispersal 1 . The symbol * indicates deficiencies for which premature cell death has been confirmed using a TUNEL assay. Deficiencies annotated as "AP patterning defects" correspond to loss of engrailed expression, pair rulelike (illustrated) or gap-like phenotypes. Deficiencies annotated as "Irregular boundaries" present irregular parasegmental boundaries. Df (1) In both experiments, PS boundaries become irregular and some boundary cells invade the adjacent compartment (highlighted in grey). In a, variable levels of expression with armGal4VP16 reveal that the strength of these phenotypes correlates with dominant-negative forms expression levels.
Weak expression of UAS-DN-MHC-GFP in PS boundary cells correlates with a straight boundary (second panel, left-hand side boundary), whereas strong expression in other PS boundary cells correlates with an irregular boundary (right-hand side boundary). Also, UAS-DN-MHC-GFP expression using the UAS-Gal4 system is in average higher than DN-MHC-YFP expression, which depends upon the MHC endogeneous promoter. Measurements of PS boundary interfaces straightness reflect this difference (see quantification in Fig. 1d ). Fig. 2a) showing that MyoII and ECad colocalise. Note that the adherens junctions (AJs) are slightly more basal at the PS boundary, which is consistent with the subtle indentations called parasegmental grooves that mark PS boundaries in early embryos 3, 4 (Immediately left to the PS adherens junctions are a cluster of more basal E-CAD and MyoII stainings: these correspond to a cell which had rounded up prior to division, see top view in Fig. 2a) . (f) Quantification of the membrane interfaces straightness (IS, bars) relative to E-Cad, MyoII and Neurotactin (Nrt) protein levels at a PS boundary. Membrane interfaces are straight at the level of AJs (maximal intensity of E-Cad staining) and this correlates with the position of the MyoII cable (maximal intensity of MyoII staining). Nrt is a marker of lateral membranes. (g) Confocal views of the epidermis corresponding to an optical section at the level of the AJs (top panels) or 5 µm below (bottom panels). Membrane interfaces are straight at the PS boundary at AJs level, but become irregular in the more basal section. Correlation between MyoII cabling and cell division at compartmental boundaries in Drosophila. In the embryo, MyoII cables are observed at parasegmental boundaries at stages 8-11 ( Fig. 2a and Fig. S3d ), when epidermal cells are mitotically active 6 . From stage 12 onwards, loss of MyoII cable correlates with cessation of epidermal cell divisions. It is also at this stage that parasegmental grooves, an anatomical manifestation of lineage restriction at parasegmental boundaries, disappear 3, 4 . It is likely that these grooves are caused by MyoII-based asymmetric cortical tension (see Fig.  S3d , e). We propose that MyoII cables are no longer required to maintain straight boundaries after stage 12 because movements of cells relative to each other, which are caused mainly by cell divisions, but also occasionally by cell intercalation or ingression, have stopped. At stage 12 and after, the morphogenetic processes such as germ-band retraction and dorsal closure rely on cell shape changes rather than cell movements 3, 7 . At the dorsal-ventral (DV) boundary of the Drosophila wing disc, a boundary of lineage restriction is present between second (L2) and late third (L3) instar stages 8, 9 . An actomyosin cable transiently forms at the DV boundary during L2-early L3 stages 10, 11 , before the establishment of a non-proliferation zone a few cells wide on each side of the DV boundary during mid-late L3 stages 12, 13 . Although a requirement for the Myo II cable has not been tested directly here, we propose based on our data in the embryo, that in the disc as well the function of the MyoII cable would be to correct cell mixing while cell divisions are active at the boundary. This function would cease once the non-proliferation zone is in place. LR boundary: lineage restriction boundary; NPZ: non-proliferation zone. 
